Background: In the field of dual diagnosis, physicians are frequently presented with pharmacological questions. Questions about the risk of developing psychotic symptoms in cocaine users who need treatment with dopaminergic drugs could lead to an undertreatment.
INTRODUCTION
Dopamine (DA) is a neurotransmitter which participates in various cognitive functions, such as attention and concentration [1] . Additionally, its involvement in facilitating learning mediated by the reward system, in memory [2] , in craving, and in substance dependence [3] , has been demonstrated. Furthermore, an increase of DA in the mesolimbic system is linked with emotional conduct and positive psychotic symptoms, and in the mesocortical system with negative symptoms [4] . There are different substances which act via different pathways, as direct and indirect dopamine agonists, such as inhibition of reuptake through blockage of the presynaptic membrane transporter (cocaine) [5] , inhibition of the metabolization of dopamine in the neuronal synapses (disulfiram) [6] , or as agonists of the post-synaptic dopamine receptors (bromocriptine) [7] .
Cocaine (benzoylmethylecgonine) is a tropane crystal alkaloid which is extracted from the leaves of the coca plant. It is a serotonin (5-HT), DA and noradrenaline (NA) reuptake inhibitor [8] , which facilitates dopaminergic transmission in the cerebral cortex [9] and prefrontal cortex [10] . The principal functional and addictive properties of cocaine appear to be produced by actions on dopaminergic neurotransmission systems, particularly in mesostriatal areas [11] [12] [13] [14] . The increase in DA has been associated with the presence of psychotic symptoms [12] . According to studies, between 29 and 75% of patients (or possibly more) with cocaine dependence experience psychotic symptomatology during their life-time [15, 16] . The psychotic symptoms most frequently associated with cocaine consumption are ideation and delusions of reference, persecutory ideation, and auditory/verbal hallucinations [16] .
On the other hand, various drugs and substances have a direct or indirect dopaminergic effect and have even been trialed as treatment for cocaine dependence [8] . Among the most frequently used are:
-Disulfiram blocks the metabolism of alcohol through the inhibition of aldehyde dehydrogenase (ALDH), for which is has been used as an interceptor in patients with alcohol dependence [17] . In addition, it acts as an inhibitor of the enzyme dopamine beta-hydroxylase (DBH) blocking conversion of DA to NA, for which it has been used in the treatment of patients with cocaine dependence [18] .
-Methylphenidate is a potent DA and NA reuptake inhibitor. At the presynaptic level it produces liberation of DA and NA (indirect agonist), while at a postsynaptic level it acts as a direct agonist. In this manner, it significantly increases the concentration of these neurotransmitters in neuronal synapses. Methylphenidate is used in the treatment of Attention Deficit Hyperactivity Disorder (ADHD) [19] , as a stimulator in depressive disorders which include psychomotor inhibition, in narcolepsy, and in some eating disorders [20] . In patients with cocaine dependence, it has been used to treat ADHD [21, 22] comorbidity, leading some authors to conclude that its use during childhood may reduce substance use in adolescence and adulthood [23] .
-Bupropion is derived from diethylpropion (appetitesuppressant amphetamine) which acts as a selective reuptake inhibitor of DA, and to a lesser degree, NA. Its efficiency has been demonstrated in reducing the symptoms associated with nicotine-withdrawal syndrome, detoxification of cocaine dependence in patients undergoing methadone treatment [8] , and for treatment of depression in patients who have not responded adequately to other antidepressants [24] .
-Bromocriptine is an ergot derivative with D2 receptor dopaminergic agonist effects, which is used for the treatment of pituitary disorders and Parkinson's Disease [25] . Due to the dopaminergic effects, it has been proposed as a pharmaceutical option in treatment for cocaine dependence and detoxification [26] .
-Sibutramine is a 5-HT, NA and DA reuptake inhibitor. It has been used in treatment of obesity, due to its appetitesuppressant effects. However, it is currently withdrawn from the market on account of its addictive properties, and psychiatric and organic side effects, most notably cardiovascular [27] .
-Apomorphine is a dopaminergic agonist of D1 and D2 cerebral receptors. At low doses it behaves like an agonist of the presynaptic dopaminergic receptors, producing inhibition of the liberation and synthesis of DA, and as such acts like an antagonist. At higher doses it behaves like a dopaminergic agonist of postsynaptic receptors [28] . Among its immediate action highlights the induction of yawning, erection and vomiting. It has been used in clinical practice in the treatment of erectile dysfunction and Parkinson's Disease. In addicted patients, apomorphine has been used as a biomarker to diagnose early relapses in consumption [29] .
-Caffeine is a methylxanthine of vegetable origin with stimulant properties that are similar to those of cocaine and amphetamine [30] . The psychostimulant effects of caffeine and other methylxanthines include a dopaminergic component. The functional antagonistic interaction between adenosinergic and dopaminergic transmission makes up the currently accepted hypothesis about the prodopaminergic effects of methylxanthines, even though a direct dopaminergic effect cannot be excluded [31] .
Methylxanthines have been used with relative efficacy in the treatment of ADHD [32] , Parkinson's Disease [33] , extrapyramidal side effects resulting from long-term neuroleptic treatment [34] , essential tremor [35] , and has been proposed as a medical treatment of cocaine detoxification [36] .
Given the use of these dopaminergic drugs in cocaine users and given that they are prescribed for treating other comorbidities (as, for example, ADHD or alcoholism) and given that there are some hopeful results that encourage further research with some of these drugs for treatment cocaine dependence [8] , all the side effects related to the interactions between cocaine and the dopaminergic drugs should be studied in depth. There is a special interest in clinically relevant symptoms, such as the psychotic symptoms (frequently described in cocaine users) [15, 16] , as well as in the fact that, hypothetically, these symptoms could be related with the increased levels of dopamine produced by dopaminergic agents [5] [6] [7] [8] [9] [10] [11] .
The objective of this article is to revise current existing data about the relation between the appearance of psychotic symptomatology and the use of drugs with dopaminergic effects, in patients with cocaine abuse or dependence and the concern about the risk of psychotic symptoms which can lead to an undertreatment.
MATERIAL AND METHODS
A systematic PubMed search of articles published up and including December 2014 was performed, with the keywords "cocaine", dopaminergic drugs ("disulfiram", "methylphenidate", "bupropion", "bromocriptine", "sibutramine", "apomorphine" and "caffeine") and "side effects" (psychosis / psychotic symptoms / delusional / paranoia). Articles written in English, Spanish, Portuguese, French, and Italian were included, but articles in which patients did not present a history of current or previous cocaine dependence or abuse, articles in which no psychotic symptoms were reported, systematic reviews and animal studies, were excluded. The large volume of studies found was due to the inclusion of the keyword "side effects", since both psychiatric and somatic side effects are included in this term ( Table 1) .
RESULTS
On completion of the search process, seven articles described the appearance of psychotic symptomatology in patients with prior or current cocaine dependence or abuse, who were treated with dopaminergic drugs, and fulfilled the specified criteria. Two articles in relation to disulfiram, one article in relation to methylphenidate, two in relation to the interaction between methylphenidate and disulfiram, and two referring to bupropion. In two of the articles, both disulfiram and methylphenidate were used, and as such they appeared repeatedly in each search. Finally, they were included in the section of methylphenidate, since the psychotic symptoms are seen to appear when the dose of methylphenidate, maintaining the dose of disulfiram constant ( Table 2) .
Disulfiram
In a clinical trial, Haamedi et al. (1995) proposed that disulfiram, when used in patients with cocaine dependence, interferes directly with the euphoric effects of cocaine. They studied six men and two women, during nine days in an inpatient unit. Four subjects received disulfiram (250mg) on days one and two and placebos on days eight and nine, and the remaining four subjects completed the reverse process. Additionally, 2mg/kg of cocaine was administered intranasally one hour after administering the drug. During the administration period, three subjects presented psychotic symptomatology. One female subject presented mutism, hypervigilance, and ideas of reference. One male subject, with a previous history of cocaine-induced paranoia, presented persecutory ideation towards the investigators. Finally, another male subject presented suspiciousness and persecutory ideation (poisoning) towards the staff. The authors suggested a dose dependent theory of the effects of cocaine and dopaminergic drugs, to justify the observed psychotic symptomatology [37] . Mutschler et al. (2009) , described the case of a 31-yearold male with an eight-year history of intranasal cocaine dependence, without a history of psychotic symptoms induced by cocaine, in whom disulfiram (250mg) was used as medical prevention of relapse of cocaine abuse. The medication was introduced during admission for detoxification, and was later maintained during out-patient follow-up. After eight months of abstinence, the patient suffered a relapse of cocaine consumption, on the day that treatment was omitted. On the third day the patient attended an assessment unit, with a presenting complaint of sensory hyperesthesia (light and sound sensitivity), after consuming 1g of cocaine intranasally. Later, the patient consumed a further 1g of cocaine intranasally, presenting an hour later with delusions of reference, delusional ideation, illusions, kinesthetic hallucinations, increased anxiety and insomnia. The authors attributed the psychotic symptoms to the theory of additive interaction between dopaminergic drugs and cocaine [38] . 
Methylphenidate
Caci H. and Bayle F. (2007) described the case of a 33-year-old male, with a history of cocaine dependence, who was admitted to an intensive care unit upon presentation of a seizure, and was diagnosed during his admission with alcohol abuse. After a one-month admission period, he was transferred to another unit, where treatment with disulfiram 400mg/day was initiated, without suffering any side effects. During the admission he was diagnosed with ADHD. On discharge he began treatment with methylphenidate for the first time, at 36mg a day. After the first dose, visual hallucinations were reported which lasted until the evening of the same day, and were reported by the patient as being subjectively similar to those induced by acute cocaine intoxication. Following this episode, treatment with methylphenidate was withdrawn, but disulfiram was maintained. Two months later the diagnosis of ADHD was confrimed during an out-patient appointment; the absence of any psychotic symptoms was reported at that time. Three months later disulfiram was withdrawn, and methylphenidate was reintroduced at a dose of 36mg/day, increasing to 54mg/day during the following three months, without any recurrence of the psychotic symptoms [39] .
Grau-López et al. (2012) , reported a case of 31-year-old male with a history of dependence on alcohol (60-100g/day) and cocaine (2g/week), mixed borderline-paranoid personality disorder and ADHD, who was admitted to a hospital unit for detoxification of both substances. During the out-patient follow-up, treatment with disulfiram 250mg/day and methylphenidate slow release at an increasing dose, were initiated, without cocaine relapse. Upon reaching 54mg/day of methylphenidate, the patient presented psychotic symptoms, consisting of delusions of reference, suspiciousness, persecutory delusions, auditory and other hallucinations, and thought block. Methylphenidate was withdrawn, while disulfiram was maintained and olanzapine 10mg/day was introduced, with a complete remission of the symptoms within two weeks. The authors made reference to the dose-dependent theory of the dopaminergic effects of the drugs used [40] .
Delavenne et al. (2012) reported a case of a 43-year-old male with crack cocaine and cannabis dependence, who began out-patient follow-up with complete abstinence from first contact with the services. In the personal history, episodes of psychotic symptoms during intoxication were described. During the first month of abstinence, the patient was diagnosed with ADHD after a meticulous assessment. After two months of abstinence methylphenidate sustained release was introduced (30mg/day), with an improvement in symptoms. However after ten days of treatment, and having consumed cocaine in the two previous days, the patient was hospitalized with auditory and visual hallucinations, delusions of reference, and persecutory delusions. Treatment with methylphenidate was withdrawn, and olanzapine was initiated at a dose of 20mg and continued for a period of two months, after which the patient did not suffer any further psychotic episodes. In the discussion, the dose-dependent hypothesis of dopaminergic substances was postulated [41].
Bupropion
Farooque et al. (2010), described the case of a 47-yearold African American woman with mild recurrent major depressive disorder, posttraumatic stress disorder, and cocaine use (in early full remission). Due to complaints of low energy levels in the context of a depressive episode, she was started on bupropion at 100mg twice a day. After four months of treatment, psychotic symptoms of delusions of reference, paranoid ideation, social isolation and visual hallucinations of shadows, were observed. Bupropion was withdrawn and paliperidone 3mg was introduced, with subsequent remission of the symptoms. The authors explained the appearance of the symptoms using the theory of sensitization of the dopaminergic system [42] . Hahn et al. (2007) , presented the case of a 41-year-old male with a history of multiple substance abuse (including cocaine, from 19 to 27 years of age, which was discontinued on presentation of psychotic symptoms) and major depressive disorder. On suffering a new episode of depression, the patient had a relapse of cocaine consumption and twelve weeks later presented in the Emergency Department. He was using cocaine for five weeks, after which he recommenced treatment with bupropion, which he had used as treatment in the past. He reported that in the one to two hours a posteriori to administration of bupropion 150mg, he presented a feeling of being "under a spell", he felt afraid, suffered persecutory delusions and had a sensation of being able to predict the future. These symptoms would last approximately two hours and afterwards receded spontaneously. Whenever the patient missed a dose of bupropion, these episodes did not occur. On withdrawal of treatment with bupropion and introduction of quetiapine 25mg/day, the symptoms did not recur. The authors proposed the dose-dependent effect of dopaminergic drugs as an explanation for these symptoms [43] .
DISCUSSION
Despite the breadth of the search, which included seven dopaminergic drugs, only seven articles were found. There is a clinical trial including eight cocaine dependent patients using disulfiram in which three of them presented psychotic symptoms and six case-reports (one for disulfuram, two for methylphenidate, one with both disulfiram and methylphenidate, and two for bupropion) reporting psychotic symptoms, specially delusions of reference and persecutory ideation.
Given that the distribution of cocaine consumption in the general population is approximately three men for each woman [44] , this proportion is congruent with the prevalence of patients with cocaine abuse or dependence.
The number of cases of psychotic symptoms detected in patients with cocaine abuse or dependence in which dopaminergic drugs are prescribed is minimal despite their broad range of use in psychiatric pathology. As such, a higher frequency of the appearance of psychotic symptoms would be expected, than was found in this literature review.
Methylphenidate is one of the treatments of choice for ADHD, which is a disorder with a prevalence of 15-25% of patients with abuse or dependence of cocaine [45, 46] . Disulfiram is used in patients with alcohol and cocaine dependence [47] . Meanwhile, given that depressive disorders are very prevalent in patients with cocaine dependence [48] , bupropion is a drug that is frequently used [24] .
The low detection rate of psychotic symptoms associated with dopaminergic drugs may be explained by several theories. The appearance of cocaine-induced psychosis (CIP) is very frequent (up to 86.5%) in cocaine users [16, 49] ; as such, psychotic symptoms may be attributed to consumption and not to the concomitant administration of dopaminergic drugs. On the other hand, it is possible that subthreshold symptoms exist that are not detected. Finally, it may be hypothesized that the association is infrequent, given that to produce this type of symptom, prior damage at the level of the dopaminergic system produced by chronic cocaine consumption is necessary, but also a certain genetic vulnerability also appears to be necessary [50, 51] . In all of the reported cases, the psychotic symptoms were of acute onset, enabling the establishment of a temporal relation with the administration of the dopaminergic drug, in most cases. In all of the patients, an early remission of the symptoms was produced on withdrawal of the dopaminergic drug.
Various questions remain. It is difficult to establish, given the paucity of reported cases and the variety of drugs included, whether or not the appearance of these symptoms may be dose-dependent, despite the fact that a previous study has reported this relation in reference to methylphenidate [40] . The wide range of self-administered doses is also relevant.
On one hand, many of the dopaminergic drugs studied may also be responsible for producing psychotic symptoms [52] [53] [54] [55] [56] [57] [58] and these types of symptoms appear frequently in individuals who consume cocaine [15] . In some of the studied cases psychotic symptoms appeared when a dopaminergic drug and cocaine were taken concomitantly [38, 41, 43] , and in others, when two dopaminergic drugs were combined [39, 40] . In only one case was there a reported history of CIP without exposure to dopaminergic drugs. This data supports the hypothesis of a dose-dependent effect of the two substances, with an effect on the production of psychotic symptoms by the dopaminergic system [37] [38] [39] [40] [41] 43] . The mechanism of action of some of these drugs also supports this theory; for example, disulfiram acts by inhibiting dopamine beta-hydroxylase (DBH) thus increasing the levels of dopamine centrally [59, 60] , which explains why the combination of this drug with another dopaminergic substance, such as cocaine, could provoke psychotic symptoms.
On the other hand, the hypothesis of sensitization may be supported by the fact that in one case psychotic symptoms appeared in the absence of concomitant use of dopaminergic substances. Chronic consumption of cocaine can produce damage to dopaminergic neurons [42] , and consequently provoke an adaptation of that system [61] . Through sensitization of the D2 receptors in the mesocorticolimbic pathways, dopaminergic hyperactivity may be produced, facilitating the appearance of psychotic symptoms when dopaminergic drugs are administered [62] .
The evidence that DBH may be implicated in the pathogenesis of CIP in cocaine users has been supported by some genetic studies [50, 51] , in which it has been reported that individuals with low activity of DBH are more susceptible to paranoia induced by cocaine than those who have higher activity of this enzyme; in function of the genotype of DBH present, individuals respond better or worse to disulfiram as treatment of cocaine addiction [50] . These findings support the existence of a genetic susceptibility with regards to the appearance of psychotic symptoms when substances that increase central dopamine levels are administered. However, there are other aspects which ought to be considered, such as the effect of using other drugs; multiple substance use is frequent, for example, cocaine and cannabis [63] , and cannabis has been reported to produce CIP in those with cocaine dependence [16, 64] .
Finally, as a limitation of this study, it should be pointed out that other stimulants have been proposed for the treatment of cocaine-dependent patients and there are some hopeful results that encourage further research with these drugs, mainly with dextro-amphetamine [8, 65] . Recent clinical trials carried out with extended release amphetamines in cocaine abusers [66] or cocaine-dependent patients [67] should be mentioned.
Previously, in human laboratory studies using dextroamphetamine in cocaine-dependent participants, no unexpected or serious adverse events were reported [68] . Recently, in cocaine users with ADHD, dextroamphetamines showed improvement in ADHD symptoms and cocaine abstinence as well as these drugs were well tolerated [66] . In the same way, in another clinical trial those cocaine-dependent patients receiving lisdexamphetamine reported significantly less craving for cocaine than participants receiving placebo [67] . No psychotic symptoms were described in these studies.
To conclude, in the reported cases there appears to be a relationship between the onset of psychotic symptoms and the use of dopaminergic drugs in cocaine users. Although there is not full knowledge on the relationship between cocaine and the dopaminergic system [69] , there are currently two principal theories that are used to explain the production of psychotic symptoms. The theory of the additive effect of cocaine and dopaminergic drugs, and the theory that chronic consumption of cocaine produces damage to and subsequent adaptation of the dopaminergic system, facilitating the appearance of psychotic symptoms on administration of these drugs. These theories are not mutually exclusive, and it is probable that other factors influence the appearance of these types of symptoms, such as the use of other substances, or the activity of DBH, which suggests a genetic vulnerability to suffer these symptoms.
Given the low number of reported cases, at this moment it is not possible to establish a causal association between the use of these types of drugs and the appearance of psychotic symptoms in patients with cocaine abuse or dependence. However, given the existence of such cases in the literature, this possibility must be considered on prescription of this type of drug in these patients. We recommend that the physician must be cautious when dopaminergic drugs are prescribed to these patients and these side effects should be evaluated. However, assessing the benefit to these patients, the use of these drugs seems an acceptable risk, being necessary an exhaustive review of prior psychiatric history and a close monitoring, especially during the first weeks of treatment or if two or more dopaminergic medications are simultaneously used, and also during relapses in cocaine consumption.
Given how widely used these drugs are, it is of great importance to complete other systematic studies to elucidate to what degree and in which specific conditions, these drugs could facilitate the appearance of psychotic symptoms in cocaine users. Observational cohort studies with a wide sample of patients with cocaine addiction (distinguishing if there is an active consumption of cocaine or not) who are prescribed dopaminergic agents, could help in this way.
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